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Rotating charged Gauss-Bonnet black hole solutions in higher dimensional (d > 4), asymp-
totically anti-de Sitter spacetime are obtained in the small angular momentum limit. The
angular momentum, magnetic dipole moment, and the gyromagnetic ratio of the black holes
are calculated and it turns out that the Gauss-Bonnet term does not affect to the gyromag-
netic ratio.
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I. INTRODUCTION
Due to the AdS/CFT correspondence [1, 2, 3], over the past years a lot of attention has been
focused on black holes in anti-de Sitter (AdS) space. It was convincingly argued by Witten [4] that
thermodynamics of black holes in AdS spaces (AdS black holes) can be identified with that of a
certain dual conformal field theory (CFT) in high temperature limit. With this correspondence,
one can gain some insights into thermodynamic properties and phase structures of strong coupling
CFTs by studying thermodynamics of AdS black holes.
Nowadays it is well-known that the AdS Schwarzschild black hole is thermodynamically unstable
when its horizon radius is small, while it is stable for large radius; there is a phase transition,
named Hawking-Page phase transition [5], between the large stable black hole and a thermal
AdS space. This phase transition is explained by Witten [4] as the confinement/deconfinement
transition of Yang-Mills theory in the AdS/CFT correspondence. Thus it is of interest to consider
rotating/charged generalization of black holes in AdS spaces. In the AdS/CFT correspondence, the
rotating black holes in AdS space are dual to certain CFTs in a rotating space [6], while charged
ones are dual to CFTs with chemical potential [7]. Indeed, the most general higher dimensional
rotating black holes in AdS space have been recently found [6, 8].
On the other hand, it is also of interest to consider corrected AdS black holes due to higher
derivative curvature terms in the low energy effective action of string theories. In the AdS/CFT
correspondence, these higher derivative curvature terms correspond to the correction terms of large
N expansion in the CFT side.
Among the gravity theories with higher derivative curvature terms, the so-called Gauss-Bonnet
gravity is of some special features. For example, first, the resulting field equations contain no
higher derivative terms of the metric than second order and it has been proven to be free of ghosts
when expanding about the flat space, evading any problems with unitarity; second, the Gauss-
Bonnet term appears in the low energy effective action of heterotic string theory; and third, the
most important is that in the Gauss-Bonnet gravity, the analytic expression of static, spherically
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2symmetric black hole solution can be found [9, 10, 11]. Indeed, the Gauss-Bonnet term gives rise
to some interesting effect on the thermodynamics of black holes in AdS space [12, 13].
It is of great interest to find some rotating black hole solutions in the Gauss-Bonnet gravity.
However, it is a rather hard task since the equations of motion of the theory are highly nonlinear
ones. In this work, we would like to report on some results for slowly rotating black hole solutions
in the Gauss-Bonnet gravity theory, here the rotating parameter appears as a small quantity. Such
so-called slowly rotating black holes have also been investigated in other gravity theories [14]-
[18]. Here we would like to mention that some rotating black brane solutions have been obtained
in the Gauss-Bonnet gravity theory in [19], but those so-called rotating solutions are essentially
obtained by a Lorentz boost from corresponding static ones; they are equivalent to static ones
locally, although not equivalent globally.
This paper is organized as follows. In the next section, we first present the slowly rotating
Gauss-Bonnet black hole solutions in AdS space. The black hole horizon could be a surface with
positive, zero, or negative constant scalar curvature. Some related thermodynamic quantities are
calculated there. In Sec. III, we generalize to the charged case, and obtain the slowly rotating
charged Gauss-Bonnet black hole solutions in AdS space. Sec. IV is a simple summary.
II. SLOWLY ROTATING GAUSS-BONNET BLACK HOLES IN ADS SPACE
The Einstein-Hilbert action with a Gauss-Bonnet term and a negative cosmological constant,
Λ = −(d− 1)(d − 2)/2l2, in d dimensions can be written down as [9, 11, 20]
S =
1
16πG
∫
ddx
√−g
(
R+
(d− 1)(d − 2)
l2
+ α(RµνγδR
µνγδ − 4RµνRµν +R2)− 4πGFµνFµν
)
,
(1)
where α is the Gauss-Bonnet coefficient with dimension (length)2 and is positive in the heterotic
string theory. We therefore restrict ourselves to the case α ≥ 0. The Gauss-Bonnet term is a
topological invariant in four dimensions. Therefore d ≥ 5 is assumed in this paper. Further, Fµν
is the Maxwell field strength. Varying the action yields the equations of gravitational field
Rµν − 1
2
gµνR =
(d− 1)(d − 2)
2l2
gµν + α
(
1
2
gµν(RγδλσR
γδλσ − 4RγδRγδ +R2)
− 2RRµν + 4RµγRγν + 4RγδRγ δµ ν − 2RµγδλR γδλν
)
+8πG
(
FµαF
α
ν −
1
4
gµνFαβF
αβ
)
. (2)
We assume the metric being of the following form
ds2 = −f(r)dt2 + 1
f(r)
dr2 + r2hijdx
idxj + 2ar2g(r)h(θ)dtdφ, (3)
where a is a constant. hijdx
idxj represents the line element of a (d− 2)-dimensional hypersurface
with constant curvature (d − 2)(d − 3)k and volume Σk, where k is a constant. Without loss
of generality, one may take k = 1, 0, and −1, respectively. When k = 1, one has hijdxidxj =
dθ2 + sin2 θdφ2 + cos2 θdΩ2d−4 and h = sin
2 θ; when k = 0, hijdx
idxj = dθ2 + dφ2 + dx2d−4 and
h = 1; and when k = −1, hijdxidxj = dθ2 + sinh2 θdφ2 + cosh2 θdΩ2d−4 and h = sinh2 θ, where
dx2d−4 is the line element of a (d− 4)-dimensional Ricci flat Euclidian surface, while dΩ2d−4 denotes
the line element of a (d− 4)-dimensional unit sphere. Thus, the horizon of the black hole (3) is a
positive, zero, or negative constant scalar curvature surface, as k = 1, 0, and −1, respectively [11].
3In this section, we first consider the case without charge, namely Fµν = 0. When g(r) = 0, the
function f(r) describing a static black hole solution was found in [11]
f(r) = k +
r2
2α˜
(
1−
√
1− 4α˜
l2
√
1 +
m
rd−1
)
, (4)
where α˜ = (d− 3)(d− 4)α and the integration constant m has a relation to the gravitational mass
M of the solution
M =
(d− 2)Σk(1− 4α˜/l2)m
64πGα˜
. (5)
In the limit of α˜→ 0, we have
fAdS(r) = k +
r2
l2
− 16πGM
(d− 2)Σk
1
rd−3
, (6)
which gives the AdS-Schwarzschild black hole solution with positive, zero, or negative constant
scalar curvature horizon, depending on k. On the other hand, in the large r limit, f(r) becomes
f(r) = k +
r2
l2eff
− 16πGMeff
(d− 2)Σk
1
rd−3
+O(r5−2d), (7)
from which we can read off the effective cosmological constant and effective mass
1
l2eff
=
(
1−
√
1− 4α˜
l2
)
1
2α˜
, Meff =
M√
1− 4α˜/l2 . (8)
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FIG. 1: The Behavior of the function f(x = r/
√
α˜) in the case of k = 1, d = 5, and l2 = 125α˜. The curves
correspond to the mass parameter m = 7n+n
2
2
α˜2 with n = 0, 1, · · · , 10, respectively from top to bottom.
In Fig. 1 we plot the function f(r) in the case of d = 5 and k = 1. In this case, f(r) is a pure
increasing function of r for r > 0. It approaches to the asymptotic form k + r
2
2α˜ (1 −
√
1− 4α˜
l2
) for
large r. The metric has horizon if m ≥ 4α˜2. Since the solution with M = 0 is the AdS vacuum
solution, there is a mass gap from the AdS vacuum to the minimal black hole with mass m = 4α˜2.
4when 0 < m < 4α˜2, the solution describes a spacetime with a deficit angle. When d > 5, the mass
gap disappears. When k = 0 or k = −1, the mass gap also disappears. For more details see [11].
Now we consider the slowly rotating black hole solution with g(r) 6= 0. To the linear order
of the parameter a, the metric function f(r) still keeps the form (4). On the other hand, the tφ
component of equations of gravitational field leads to an equation for the function g(r)
(
log g′(r)
)′
= −2d r
d−1 +m(d+ 1)
2r (rd−1 +m)
. (9)
It is interesting to note that this equation is independent of k. After explicit integration, we have
g(r) = c1 +
2c2
(d− 1)m
√
1 +
m
rd−1
, (10)
where c1 and c2 are two integration constants. Now we fix these constants. Expanding (10) up to
the leading order of large r, one has
g(r) =
(
c1 +
2c2
(d− 1)m
)
+
c2
(d− 1)rd−1 + · · · . (11)
Comparing this with the large r asymptotic behavior of higher dimensional Kerr-AdS solution
given in [6], we find
c1 =
1
2α˜
, c2 = −
(d− 1)
√
1− 4α˜/l2
4α˜
m. (12)
Then we obtain the function g(r)
g(r) =
1
2α˜
(
1−
√
1− 4α˜
l2
√
1 +
m
rd−1
)
. (13)
As a self-consistency check, we see that when α˜→ 0, the solution (13) indeed gives the asymptotic
behavior of slowly rotating Kerr-AdS solution [6].
For the slowly rotating solution, the horizon r+ is still determined by the equation f(r) = 0,
up to the linear order of the rotating parameter a. The coordinate angular velocity of a locally
nonrotating observer, with four-velocity uµ such that u · ξ(φ) = 0, is
Ω = − gtφ
gφφ
= ag(r) =
a
2α˜
(
1−
√
1− 4α˜
l2
√
1 +
m
rd−1
)
. (14)
In contrast to the ordinary Kerr black hole in asymptotically flat spacetime, the angular velocity
does not vanish at spatial infinity in the present case. Instead, we have the expression
Ω∞ =
a
2α˜
(
1−
√
1− 4α˜
l2
)
=
a
l2eff
. (15)
We can see that only when l → ∞, the angular velocity vanishes at spatial infinity. This is a
remarkable feature in AdS space. With α˜ → 0, we also get the correct Kerr-AdS limit. On the
other hand, the angular velocity in (14) on the horizon turns out to be
ΩH = −ka
r2+
, (16)
5where we have used the fact that on the horizon f(r+) = 0. This velocity ΩH can be thought of as
the angular velocity of the black hole. One can also define the angular velocity of the black hole
with respect to a frame that is static at spatial infinity. We have
ωH = ΩH − Ω∞ = −
(
a
l2eff
+
ak
r2+
)
. (17)
Apparently, this angular velocity will vanish for k = −1 even for nonzero a when r2+ = 2α˜.
However, this case will not happen since in the case of k = −1, the minimal horizon of black hole
r2min > 2α˜ [11]. It is just this angular velocity wH which enters into the first law of rotating black
hole thermodynamics in AdS space [21].
The mass of the black holes can be expressed in terms of the horizon radius r+
M =
(d− 2)Σkrd−3+
16πG
(
k +
α˜k2
r2+
+
r2+
l2
)
, (18)
which is the same as the static one [11]. The angular momentum of the black hole is
J =
2aM
d− 2 =
aΣkr
d−3
+
8πG
(
k +
α˜k2
r2+
+
r2+
l2
)
. (19)
The Hawking temperature of the black holes can be easily obtained by requiring the absence of
conical singularity at the horizon in the Euclidean sector of the black hole solution. It is the same
as the static case
T =
(d− 1)r4+ + (d− 3)kl2r2+ + (d− 5)α˜k2l2
4πl2r+(r2+ + 2α˜k)
, (20)
up to the linear order of the rotating parameter a, since the leading order of the parameter a
enters into the gtt metric component is second order, namely, a
2. From the first law of black hole
thermodynamics dM = TdS + ωHdJ , one may easily see that the variation of the entropy is also
second order in a. Therefore, to the linear order, the entropy expression will not be changed, the
same as the static one [11]
S =
Σkr
d−2
+
4G
(
1 +
d− 2
d− 4
2α˜k
r2+
)
. (21)
III. SLOWLY ROTATING CHARGED GAUSS-BONNET BLACK HOLES IN ADS
SPACE
In this section, we consider the charged case. In this case, the action, field equations, and the
metric ansatz are the same as in Eqs. (1), (2), and (3), respectively. In the case of a charged static
black hole, the spherical symmetry of the metric and the flux conservation gives us the electric
field
−A′t = Ftr =
Q
4πrd−2
. (22)
This gives the At component of electro-magnetic potential
At =
Q
4π(d − 3)rd−3 . (23)
6When g(r) = 0, the function f(r) describing a static charged black hole solution in d−dimensions
is given by [13, 20]
f(r) = k +
r2
2α˜
(
1−
√
1− 4α˜
l2
√
1 +
m
rd−1
− q
2
r2d−4
)
,
where the gravitational mass M and charge Q of the solution are
M =
(d− 2)Σk(1− 4α˜/l2)
64πα˜
m, Q2 =
π(d− 2)(d− 3)(1 − 4α˜/l2)
2α˜G
q2. (24)
The general behavior of the function f(r) with respect to the variation of Q is given in Fig. 2.
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FIG. 2: The behavior of the function f(x = r/
√
α˜) for different q in the case of k = 1, d = 5, l2 = 15α˜,
and m = 100α˜2. The curves corresponds to q2 = 5(7n+ n2)α˜3 with n = 0, 1, · · · , 10, respectively from the
bottom to top.
The behavior of the solution is well analyzed in Ref. [13].
Since the black hole rotates along the direction φ, it generates a magnetic field. To take into
account this effect we add the vector potential Aφ
Aφ = −aQc(r)h(θ). (25)
Then, the field equations of the electro-magnetic field ∂a(
√−gF ab) = 0, using the metric ansatz (3),
lead to an equation for function c(r)
(rd−4f(r)c′(r))′ − 2k(d− 3)rd−6c(r) = g
′(r)
4π
. (26)
Thus, once we obtain the metric g(r), we can get the differential equation of electro-magnetic
potential c(r). In addition, up to the linear order of a, At still keeps the form (23).
As the case without charge, to the linear order of a, the metric function f(r) will not get
correction from the rotation, that is, the same as the static case. On the other hand, the tφ
component of the field equations decouples from c(r) and leads to an equation for the function g(r)
(
log g′(r)
)′
= − d
dr
(
log rd
√
1 +
m
rd−1
− q
2
r2d−4
)
. (27)
7Integrating this differential equation, we get a formal solution
g(r) = c1 − c2
∫
dr
rd
√
1 + m
rd−1
− q2
r2d−4
= c1 − c2
m
∫ r
m
1
d−1
dx
xd
√
1 + 1
xd−1
− q2
m
2d−4
d−1 x2d−4
. (28)
When q = 0 we can explicitly integrate this integral to get the result (10) given in the previous
section
gq=0(r) = c1 +
2c2
(d− 1)m
√
1 +
m
rd−1
.
When q 6= 0, we are not able to give an explicit expression for g(r). However, since the charge q
does not affect to the large r behavior of the solution, the constants c1 and c2 can be determined,
which are to be the same as Eq. (12), and therefore the solution g(r) is
g(r) =
1
2α˜
(
1−
√
1− 4α˜
l2
)
− (d− 1)
√
1− 4α˜/l2
4α˜
∫ ∞
y
dx
xd
√
1 + 1
xd−1
− q2
m
2d−4
d−1 x2d−4
, (29)
where y = r
m1/(d−1)
. The asymptotic form of g(r) is given by
g(r) =
1
l2eff
−
m
√
1− 4α˜
l2
4α˜rd−1
(
1− m
4rd−1
+
(d− 1)q2
2(3d− 5)r2d−4 + · · ·
)
,
where g(r) approaches to l−2eff . We also can obtain small q approximation of g(r)
g(r) =
1
2α˜
(
1−
√
1− 4α˜
l2
√
1 +
m
rd−1
)
(30)
− mq
2
√
1− 4α˜/l2
4α˜ r3d−5
−1 +
√
1 +m/rd−12F1(
7d−11
2(d−1) ,
1
2 ,
9d−11
2(d−1) ,− mrd−1 )√
1 + rd−1/m
+O(q4).
On the horizon, up to O(q2), it is
g(r+) = − k
r2+
− q
2
4α˜
√
1− 4α˜/l2
r2d−4+
√
1 + m
rd−1+
− mq
2
√
1− 4α˜/l2
4α˜ r3d−5+
−1 +
√
1 +m/rd−1+ 2
F1(
7d−11
2(d−1) ,
1
2 ,
9d−11
2(d−1) ,− mrd−1+ )√
1 + rd−1+ /m
. (31)
Therefore, the angular velocity of horizon ΩH = ag(r+) also gets the corrections of O(q2). As
we see in Fig. 3, g(r+) increases as q increases. As a result, the angular velocity of horizon also
increases with q for fixed r+.
The function c(r) is obtained by solving the differential equation (26)
(rd−4fc′)′ − 2k(d − 3)rd−6c = (d− 1)m
√
1− 4α˜/l2
16πα˜
1
rd
√
1 + m
rd−1
− q2
r2d−4
. (32)
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FIG. 3: The behavior of g(r) for different q with d = 5, l2 = 15α˜, m = 100α˜2. q is taken to be 5(7j + j2)α˜3
with j = 0, · · · 10 from the bottom to top, respectively. g(r) approaches to a constant − 1
2α˜
(
1−
√
1− 4α˜
l2
)
in the large r limit.
We find that c(r) can be written down as
c(r) = − 1
4π(d− 3)rd−3 + q
2ǫ(r). (33)
Note that here the first term is independent of k. The function ǫ(r) satisfies
(rd−4fǫ′)′ − 2k(d − 3)rd−6ǫ = (d− 2)
√
1− 4α˜/l2
4π r2d−3
1√
1 + m
rd−1
− q2
r2d−4
. (34)
We find that the leading term of ǫ is of the form ǫ(r) ∝ r−3d+7. Thus, in the large r limit, we
arrive at
c(r) ≃ − 1
4π(d− 3)rd−3 +
√
1− 4α˜/l2
8π(3d − 7)
q2l2eff
r3d−7
.
As a result, the electro-magnetic fields associated with the solution are
Ftr =
Q
4πr3
, Frφ = −aQc′(r)h(θ), Fθφ = −aQc(r)h′(θ). (35)
The expressions for the mass and the angular momentum for this solution does not change through
the introduction of charge Q since it does not alter asymptotic behavior of the metric. The magnetic
dipole moment for this slowly rotating Gauss-Bonnet black hole is
µ = Qa. (36)
Therefore, the gyromagnetic ratio is given by
g =
2µM
QJ
= d− 2 (37)
which depends only on the number of spacetime dimensions. The value is the same as the case
without the Gauss-Bonnet term [22]. In conclusion, the Gauss-Bonnet term does not change the
gyromagnetic ratio of the rotating black hole.
9IV. SUMMARY AND DISCUSSION
Starting from the non-rotating charged Gauss-Bonnet black hole solutions in anti-de Sitter
spacetime, we have obtained the slowly rotating solution by introducing a small angular momentum
and solving the equations of motion up to the linear order of the angular momentum parameter.
If one chooses the metric gtφ to be proportional to r
2g(r), the equation for g(r) is much simplified
as an integrable equation. The radial electric field is chosen so that the electric flux line to be
continuous. The vector potential is chosen to have non-radial component Aφ = −aQc(r) sin2 θ to
represent the magnetic field due to the rotation of the black hole. Since the off diagonal component
of the stress-tensor of electro-magnetic field is independent of c(r), the equation for g(r) decouples
from c(r) and is integrable.
As expected, our solution reduces to the slowly rotating Kerr-AdS black hole solution if the
Gauss-Bonnet coefficient vanishes α˜ → 0. The expressions of the mass, temperature, and entropy
of the black hole solution, in terms of the black hole horizon, do not change, up to the linear order
of the angular momentum parameter a. The angular momentum is written in terms of a and the
mass M of the black hole and the gyromagnetic ratio of the Gauss-Bonnet black hole is obtained.
It is shown that the Gauss-Bonnet term will not change the gyromagnetic ratio of the rotating
black holes.
Acknowledgments
We thank K. Maeda and N. Ohta for helpful discussions. This work was supported in part
by the Korea Research Foundation Grant funded by Korea Government (KRF-2005-075-C00009;
H.-C.K.). RGC was supported in part by a grant from the Chinese Academy of Sciences, and NSF
of China under grants No. 10325525, No. 10525060 and No. 90403029.
[1] J. Maldacena, Adv. Theor. Math. Phys. 2, 231 (1998) [Int. J. Theor. Phys. 38, 1113 (1998)]
[hep-th/9711200].
[2] S. S. Gubser, I. R. Klebanov and A. M. Polyakov, Phys. Lett. B 428, 105 (1998) [hep-th/9802109].
[3] E. Witten, Adv. Theor. Math. Phys. 2, 253 (1998) [hep-th/9802150].
[4] E. Witten, Adv. Theor. Math. Phys. 2, 505 (1998) [hep-th/9803131].
[5] S. W. Hawking and D. N. Page, Commun. Math. Phys. 87, 577 (1983).
[6] S. W. Hawking, C. J. Hunter and M. Taylor, Phys. Rev. D 59, 064005 (1999) [arXiv:hep-th/9811056].
[7] A. Chamblin, R. Emparan, C. V. Johnson and R. C. Myers, Phys. Rev. D 60, 064018 (1999)
[hep-th/9902170]; M. Cvetic and S. S. Gubser, JHEP 9904, 024 (1999) [hep-th/9902195]; R. G. Cai
and K. S. Soh, Mod. Phys. Lett. A 14, 1895 (1999) [arXiv:hep-th/9812121]; S. S. Gubser, Nucl. Phys.
B 551, 667 (1999) [arXiv:hep-th/9810225].
[8] G. W. Gibbons, H. Lu, D. N. Page and C. N. Pope, Phys. Rev. Lett. 93, 171102 (2004)
[arXiv:hep-th/0409155]; G. W. Gibbons, H. Lu, D. N. Page and C. N. Pope, J. Geom. Phys. 53,
49 (2005) [arXiv:hep-th/0404008].
[9] D. G. Boulware and S. Deser, Phys. Rev. Lett. 55, 2656 (1985).
[10] J. T. Wheeler, Nucl. Phys. B 268, 737 (1986).
[11] R. G. Cai, Phys. Rev. D 65, 084014 (2002) [arXiv:hep-th/0109133]; R. G. Cai and Q. Guo, Phys. Rev.
D 69, 104025 (2004) [arXiv:hep-th/0311020].
[12] R. C. Myers and J. Z. Simon, Phys. Rev. D 38, 2434 (1988); R. G. Cai, Phys. Lett. B 582, 237
(2004) [arXiv:hep-th/0311240]; T. Clunan, S. F. Ross and D. J. Smith, Class. Quant. Grav. 21,
10
3447 (2004) [arXiv:gr-qc/0402044]. Y. M. Cho and I. P. Neupane, Phys. Rev. D 66, 024044 (2002)
[arXiv:hep-th/0202140]; I. P. Neupane, Phys. Rev. D 67, 061501 (2003) [arXiv:hep-th/0212092];
R. G. Cai and K. S. Soh, Phys. Rev. D 59, 044013 (1999) [arXiv:gr-qc/9808067]; R. G. Cai, Phys.
Rev. D 63, 124018 (2001) [arXiv:hep-th/0102113]; M. Banados, C. Teitelboim and J. Zanelli, Phys.
Rev. D 49, 975 (1994) [arXiv:gr-qc/9307033]; R. Aros, R. Troncoso and J. Zanelli, Phys. Rev. D 63,
084015 (2001) [arXiv:hep-th/0011097].
[13] M. Cvetic, S. Nojiri and S. D. Odintsov, Nucl. Phys. B 628, 295 (2002) [arXiv:hep-th/0112045].
[14] J. H. Horne and G. T. Horowitz, Phys. Rev. D 46 (1992) 1340 [arXiv:hep-th/9203083].
[15] K. Shiraishi, Phys. Lett. A 166, 298 (1992).
[16] T. Ghosh and P. Mitra, Class. Quant. Grav. 20, 1403 (2003) [arXiv:gr-qc/0212057].
[17] A. Sheykhi and N. Riazi, Int. J. Theor. Phys. 45, 2453 (2006) [arXiv:hep-th/0605072].
[18] T. Ghosh and S. SenGupta, arXiv:0709.2754 [hep-th].
[19] M. H. Dehghani, Phys. Rev. D 67, 064017 (2003) [arXiv:hep-th/0211191]; M. H. Dehghani, Phys. Rev.
D 69, 064024 (2004) [arXiv:hep-th/0312030]; M. H. Dehghani and R. B. Mann, Phys. Rev. D 73,
104003 (2006) [arXiv:hep-th/0602243]; M. H. Dehghani, G. H. Bordbar and M. Shamirzaie, Phys. Rev.
D 74, 064023 (2006) [arXiv:hep-th/0607067].
[20] D. L. Wiltshire, Phys. Lett. B 169, 36 (1986).
[21] G. W. Gibbons, M. J. Perry and C. N. Pope, Class. Quant. Grav. 22, 1503 (2005)
[arXiv:hep-th/0408217].
[22] A. N. Aliev, Phys. Rev. D 75, 084041 (2007) [arXiv:hep-th/0702129].
